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Motivation
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FPGAs provide reconfigurable
hardware with deterministic data
preprocessing capabilities
Graphical tools such as LabVIEW
for FPGA reduces development and
Integration time

The combination of both
technologies with EPICS simplifies
the development of complex
control, data acquisition and
processing systems

IRIO is a set of software tools
simplifying the integration of
RIO devices in EPICS
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RIO/FlexRIO Devices

. Adapter module Write Registers
3 : PVs
- [EfADcs ST R . HOST analog
e 58 DACs BRI} s ' binary
L iloiraivos SRR et iﬁmmm
Cameratink EEEaag M e imege
EEEEEEEN ey s B

The developer defines the

functionality :
programming the FPGA EPICS connects a user defined

device with PVs for
configuration and supervision
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Development cycle: LabVIEW for FPGA

FPGA project
developer

XILINX compiler

4
@ e
VHDL Bitfile

LabVIEW FPGA @

FPGA Target

User Generated

Auto Generated

/B
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Reducing development time in FPGAs using templates

AO CHO
DAC i 125MHz Module Clock 1 Region i  40MHz Base Clock Region
SPI 15 AQVal i
D IO 07 M 9 AUXAQ
P
16 AO Waveform | 16 SGPhase i n AuXAl
Al CHO " Generation | i, scAmp llo_DOVal Aucxiliar
ac PE and Control | 7> sggignartype Pattern 2_Patemselect ' Variables | A0
AICHIS  MultiChannel e i
7u iChannel —— Generation DOEnable Processing
AICH
M
AlCH3 S;
L DMATECHOSTO || o
ADMATEOHOSTHNCH # DMATEGHOSTHCH 8
ADMATEHOSTFrameT ype > DMATEGHOSTRrameTy pe =
DrATEOHOSTSampleSize E 2
ADMATIOHOST Samplesize ¥ DMATEOHOSTElockMWards FlxRIODACDMAmodUe. vi step2. o c
St ] This module implements Data Acquisition using 1 DMA, IF1 —
DagSta [ACMATEOHOS TEIOCkMWards >|—| ‘—_EM is required, then maore modules should be added. The new (%]
Debugh DAL number input, and son on, Correspondingly new FIFOs m %
Autamatic """"""""""""""‘; E_
Samplir »DDCA_PORTO | |5100 MHz Clack v| X
Tritialization  vi Expected 10 Module 10— PURZ][Expected 10 Madule 1D WDDCA_PORTL ¥ el w
= | InsertedlOModule ID nsertedlCModule 1D == 5781 —
RIoAdapterCorreck terCorrect o SignalGensrato 7 @ J 6581 8
+ SignalGenerato |
ializationsetup. vi cten 3 o
configure Register I it is required a new waveForm generatars replicate this VI, with 2
[0 Maoduled, gPatternGenD :l 100 MHz Clack [+] correlative numbers in the WG number input, 8_
configure it I
Mote: Every waveform generator module like this one uses look up IS)
1, [Signal Generator_6581.vi tables {memory), bake into account the FPGA resources spent on it O
Diridre IF it is not required, then remowve it -
[ 10 Madule\ DOCA_Part2_write [ 8
T
‘ | Processing |2 Processed Sample .| DMA Channel 1 88 [ DMAEnable | %
. S, i S
. : } Algorithm . Frame . o plgRale =
CH2 Sample| & icH2BUFFER (& | 46 CH2 Sample BlockNWards1 | Generation & Frame|2 | = 2 [ DebugMode | e
z $ 2 s
si FIFO & NChannels1 2 | Transfer Control | s 58 o ¢
I 64 Frame
FrameTypel E i
. ) <§( DMA 0 DMAO Data
15 CH3 Sample | § icH3BUFFER | £ |16 CH3 Sample SampleSizel 3 | z
28 EFo E Controller
H &

Size: signed 16 bits
Depth: 1024

Size:
unsigned 64 bits
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Using RIO devices in Linux

FPGA project

XILINX compiler ‘

6

C/C++
applicattion

developer
‘‘‘‘‘‘ s -
1= (4) Linux User .
3 Bitfile space NIRIO library
VHDL i
- 5 Linux Kernel ¢
FroATereet space NI RIO kernel
modules
. User Generated %
D Auto Generated Hardware +
FPGA
RIO/FlexRIO
Device
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IRIO Project: IRIO Library

Application
Configuration
SDD Toolkit

EPICS Device Support Application
Program

IRIO Library

Kernel 3

NI RIO Linux Device Driver
(kernel)

1

¥
Hardware

(1/0 Module)

« |dentification of the resources
implemented in the FPGA

— The Design Rules document
describes the rules for the FPGA
implementation

* Provides an API simplifying the
interface with the FPGA.
— Access to FPGA registers
— Analog input
— Digital 1/0
— DMA acquisition

— Image acquisition using cameralink

» Serial line for camera
configuration

— Signal Generation (DDS)
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IR1O resources mapping

IRIO Library

irio_initDriver("test","rio_serial","rio_model","FlexRIOMod6581","V1.0",1,bitFilePath,bitFilePath,&p_DrvPvt,&status );

o satinAOERRIvEVE 1. 290, &status)@ @ irio_getAuxDI(&p_DrvPvt,0,&aivalue,&staXus);

R R LI R R R R R NN XN ceccsccscscs

NI RIO API Library

NiFpga_WriteU16(session,0x1004,1250); NiFpga_ReadBool(session,0x10F0,&value);
L

FP
FPGA header file

Adapter Module

Software-hardware interface

ccccccce Resource mapping
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IRIO Project: EPICS driver using asynDriver

v EPICS device driver using asynDriver

Application ) i ]
Configuration implementation for RIO devices
SDD Toolkit (FIexRIO and cRIO) using IRIO library
J v Automatically connects the PVs with
' FPGA resources using IRIO library

v" If the user changes the FPGA design
. Applicati ) ) :
no compilation is needed
v ITER SDD generates the complete
IRIO Library software unit

FPGA C API

Kernel 3

NI RIO Linux Device Driver
(kernel)

1

l
3

Hardware
(1/0 Module)
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IR1O Project: C++ classes for Nominal Device Support

TS  Nominal Device Support
approach defines a set of
= classes and PVs to be used for

EPICS driver implementation.

« NDS-irio is the set of NDS

extended classes to use
FlexRIO devices

« Simplify the implementation
of EPICS device support for
FlexRI10 using NDS

Kernel

NI RIO Linux Device Driver
(kernel)

Hardware
(1/0 Module)
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Design Methodology

FPGA project H
% developer e y Windows
XILINX compiler

Host ‘@ 8@
VHDE@ @Bitfile l@%
*
v

j : k« FPGA Target

User Generated

EPICS core

Auto Generated

\ CIC++
| || applicattion

Linux Host with IRIO user @ Codac Core System
CCS 6} i
ap:lri,clgfion Linux User NI RIO Iibrary
IRIO user application ? space |
Linux Kernel Y
space NI RIO kernel
modules
YES Hardware v

FPGA
@, O
; RIO/FlexRIO
EPICs device support | [ y|_gj0 EPICS Device Devi
Use NDS-IRIO implemented with driver evice
ASYN
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ITER Fission chamber diagnostic use case application based on FlexRIO technology

 Integrate deterministic diagnostic into the
FPGA (4 ADC sampling at 125MS/s).

Data processing to detect/count pulses, [ ——" umauJ,Tl
RMS, and campbelling = —1-—"|= |
| _ifaoz - - - - ' - - 3

zlsle]| minlafF alalole|| sl u) ‘\ & 4 100 200 300 4&:‘1 .u.ffm.sfc’.ﬁm , mnw mu 000 Mmi

: ' ]— ; ' | t |

125MHz data

acquisition Low Pass Filter ~ Downsampling
14 bit at Al[0-2] JF :>
250MS/s peF N\ N |
channel T T T ? 1.25MHz 1/0 Recust(-ers
125MHz N factor ‘ Pulses detection ‘

triaoer i activation
g9 trigger selectable ol
NI PXIe—7966R + 5761
b= ‘ Current ‘
3 ] Fulre | Pylses
* -~ CHO
[ FPGA Crn [detection DMA transfers to HOST
> : .
Real Time Campbelling CH1 Raw data acquired
reprocessing Hardware
. processing| Current  CH2 | DMA 0
¢ PXI1 trigger line 2 Measurement info
Every 1ms for \ DMA 1 >
TimeStamps generation Pulse info:
sample peak detection
Width & heigth
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ITER PXle Fast controller: Image acquisition (cameralink).

PICMG
Fast Controller
(fc18-3)

Can we add more processing capabilities?
Is it possible to add a GPU?

] - 127 ACTUAL SETTINGS
B - 100 Ornigin X Ongin Y Width Height
1 'D pix “ﬂ pix “640 pix I-ITB pix |
] 50
300 -
@ ] R i spp FPS. FPN
3 ] -0 Fu?zuu bps r!spp lzvu Tps
= ] \
200
100 ]
J - 11] =
o T T ——T T T
o 100 200 300 400 500
X Axis

EoSens CL messagging CTRL
Onty for debugging

Twanmesce CEmmmm—— | | oo JHH
RxUart message

IMAQ START/ISTOP

DEVICE CONTROL CH GROUP CTRL IMAGE CH CTRL ROI settings
Co—| S| | | _ownx _ ownv
S processne. || | CTHINND CES|
‘ A ‘ Width Height
m—
’O ‘ LOAD Conf g l
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FPGA+GPU processing

* NI-RIO Linux Device
Driver modified to
Implement direct DMA

from FPGA to GPU

-

NVIDIA TESLA GPU

PCle(16x)

CAMERA

CameraLink

ITER FAST PLANT SYSTEM CONTROLLER

MXI Link(4x)

NI-1483+PXle-7966R

SW

Codac Core System 5.0

EPICS NDS v2.3.7

NI FlexRIO-GPU bundle

CUDA 6.5 SDK

NI LabView for FPGA

NI PXle 1062Q

)

/ HARDWARE KERNEL SPACE USER SPACE \

NDS

FlexRIO-GPU
CUSTOM Egndic

GPU API

I0C DATABASE

NDS-GPU
APPLICATION

NIRIO C API

for FPGA

FLEXRIO

GPU —
DRIVER ‘ DRIVER |

NVIDIA —

GPU

.......................

CAMERA
LINK
DEVICE

NI FLEXRIO —
DEVICE
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Conclusions

« We have defined a design methodology for implementing advanced data and
Image acquisition applications with RIO/FlexRIO devices, integrated with
EPICS using IRIO software

» We have developed different LabVIEW/FPGA patterns and libraries for RIO
devices

|t is not necessary to rewrite or even recompile the EPICS device support for
every cRIO/FlexRIO configuration

« |RIO tools integrated in ITER CODAC Core System V5.2 (February 2016)
* |RIO tools are GPLV2

e Current users of IRIO:

— ITER Diagnostics use cases, KSTAR project, Russian DA (cRIO)
— ESS Bilbao
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